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results of investigations on a 0 . 015 -scale 

MODEL 2A CONFIGURATION OF THE ROCKWELL INTER- 
NATIONAL SPACE SHUTTLE 0R3ITER IN THE NASA/ AMES 
RESEARCH CENTER 3- 5-FOOT HYPERSONIC WIND TUNNEL 

By 

Morris D. Milam**, Mark E. Nichols** and Jack A. Mellenthin* 


ABSTRACT 

Experimental aerodynamic investigations were conducted in the NASA/ 
Ames 3 . 5 -Foot Hypersonic Wind Tunnel during the interim April 9 _ l8, 1973 
on a 0. 015-scale model off the Rockwell International Space Shuttle 
Orbiter, configuration 2A. Six component aerodynamic force and moment 
data were recorded over an angle of attack range from -3° to k?.° at 0° 
angle of sideslip and from - 10 ° to 10 ° sideslip at 0 ° and 1 + 5 ° constant 
angle of attack. Test Mach numbers were 5-27 and 7-32 at unit Reynolds 
number of 2.5 x 10 6 per foot. Various eleven, rudder, speedbrake, 
and body flap deflections were tested to determine longitudinal and 
lateral-directional stability characteristics and to establish trim 
capability. 
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NOMENCLATURE 

General 







SYMBOL 

9 

Cp 

M 

P 

q 

rn/l 

v 

a 

& 

4 > 

<t> 

P 


SADSAC 

SYMBOL 

CP 

MACH 


O(NSM) 
Q(PSF ) 

RN/L 

ALPHA 

BETA 

PSI 

PHI 


Ab 

b BREF 

c.g. 

LREF 

c 

S SREF 

MRP 
XMF.P 
YMRP 
ZMRP 


SUBSCRIP TS 

b 

1 

s 

t 

CD 


definition 

speed of sound; m/sec, ft/sec 
pressure coefficient; (p^ * Pa>)/q 

Mach number; V/a 

pressure; N/m* 1 , psf 

dynaAic pressure; l/SpV 3 , N/mS psf 

unit Reynolds number; per m, per ft 
velocity; m/sec, ft/sec 
angle of attack, degrees 
angle of sideslip, degrees 
angle of yaw, degrees 
angle of roll, degrees 
mass density; kg/m 3 , slugs/ft 3 
Reference & C.G* definitions 

base ares; m 2 , ft 2 

wing span or reference span; m, ft 

center of gravity 

reference length or wing mean 
aerodynamic chord; m, ft 

wing area or reference area; m , ft‘- 

moment reference point 

moment reference point on X axis 

moment reference point on Y axis 

moment reference point on Z axis 


base 

local 

static conditions 
total conditions 
free stream 
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NOMUJCLA'JURE v Continued) 
Bod y -Axis System 


SYMBOL 

3AD5AC 

SYMBOL 

DEFINITION 


cri 

. „ _ _ _x.^x ^ +. . normal force 

normal-tcrcc coefficient* rs— 

qo 

C A 

CA 

. „ + , axial force 

*txial- force coefficient; - — 

q 5 

c Y 

CY 

side -force coefficient; 

qb 

CA b 

CAB 

base-force coefficient; je v xQr -— 

q° 



“A^(Pb - Pao)/qS 

C Af 

CAF 

fore body axial force coefficient, 

CUM 

pitching-moment coefficient, — JLj-— 

<*T1 

CYN 

yawing-moment coefficient; y 8W ,^E£^HS!Eil^ 

c i 

CBL 

rolling-moment coefficient; i£iiiS|~125£J^ 



Stability-Axis System 

C L 

CL 

lift coefficient; ii~ 

qS 

CD 

CD 

drag coefficient; drag 
qS 

C »b 

CDB 

base-drag coefficient; ■ ~ ~~ 

C Df 

CDF 

forebody drag coefficient; Cp - Cj^ 

C Y 

CY 

side-force coefficient; 

qb 

On 

CLM 

pitching-moment coefficient; eitcjrdn^pgnt 

qS/REF 


CLN 

yawing-moment coefficient; 

c t 

CSL 

rolling-moment coefficient; -gfe- 

l/d 

l/d 

lift-to-drog ratio; CjJ Cq 
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Tn flrtfiit.ion 

ito the : 

standard notation, the following are special to thi 

test. 

Plot 


Symbol. 

Symbol 

Definition 

X /l 
cp' 

XCP/L 

longitudinal center of pressure location 

^ C A 

DCA 

incremental axial-force coefficient 


DCD 

incremental. drag coefficient 


DCL 

incremental lift coefficient 

^ C m 

DCL-i 

incremental pitching-moment coefficient 

4c n 

DCH 

incremental normal-force coefi'cient 

da 

AJLRON 

aileron deflection, ( fl e - 6? ) degrees 

L i 

^BF 

BDFLAP 

body flap deflection, degrees 

d e 

ELEVON 

elevor. deflection, ( $ + 6n ^ r ^ eS 

e L f< 

de. 

ELVN-L 

left -l evon deflection, dejre-.s 

JLt 

de D 

ELVN-R 

right eleven deflection, degr. 


RUDDER 

rudder aeflcction, degrees 

dsB 

SPDBRK 

speedbrake deflection, degrees 

c 

CYBETA 

derivative of side force coefficient vith 
respect to beta (beta=±5°); P^ 1 (iR f ree 


r 

CYNBET 

derivoti/e of yawing moment coefficient with 

np 

respect to beta (beta«±5°); degree, body 

axis system 

C A 

CBLBET 

derivative of rolling moment coefficient with 

ip 

respect to beta (beta~±5°); per degree, 
stabili ' y axis system 
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CON FI CURAT I OHS INVESTIGATED 


'vy ie -\ei\t vehicle is a 0 .015-scale model of the Rockwell international 
Space Shuttle Orbiter, configuration 2A light-weight orbiter. It was 
o ting mounted, in the wind tunnel utilizing the Task MKII-D 1*5 inch inter- 
nal strain gag- balance to measure six component aerodynamic force and 
moment data. 

Since the primary purpose of the test was to obtain data relative 
to aerodynamic control deflections, no body build-up testing was scheduled. 
Emphasi.- was on eleven, speedbrak.e, rudder and body flap collections. 

The orbiter model consisted of the following components and is de- 
picted in figure 2. Pertinent, dimensional informat 1 in for each component 
is given in table 3. Table 2 summaries the test schedule. 


Configuration Nomenclature 


Component 

B 

10 


Descripti on 

Bacic 2A fuselage of the Rockwell International 
Sf.V orbiter configuration ( VI.T0-000092A, 
VL70-000093, VL70-00009 1 *) 


D? 

F,. 


W 


87 


J l8 


V 

'5 



Basic 2A canopy 

Basic 2A manipulator arm housing 
Basic 2 A body flap 

Basic 2A wing 

Elevon on basic 2A wing 

Basic CME-RCS pcd for the Rockwell Internatior. 1 
SSV 2 A configuration 

Basic 2 A vertical tail 

Basic rudder for vertical tail 

Basic 2A OMC engine nozzle 


Configurations Tested 


See table 2 for the configurations tested 


TEST FACILITY 


the test program was conducted in air in the Ames 3. 5-Foot Hyper- 


sonic Wind Tunnel. This facility is a bicwdawn-type tunnel that utilizes 


a pebble -bed heater to heat the air. and axi symmetric contoured nozzles 
to provide flow Mach numbers of 5-3, 7.*, and 10.4. The nozzle vails 


are Insulated from the hot air stream by injecting helium into the 


nozzle boundary layer through annular slots upstream of the throat. The 


tunnel is equipped with a model quick-insert mechanism for quickly mov- 


ing models into and out of the air stream. 


A high-speed, analog - to -di gi tal data acquisition system is used to 
record test data on magnetic tape. The present system is equipped to 
measure and record the outputs from 80 thermocouples and/or other types 


of transducers in addition to 20 channels of tunnel parameters. 


iv/.i 
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DATA REDUCTION 


The eerodyr.ah.ie forces and accents recorded dy the ir.terr.ai strain 
gage balance acre reduced to coefficient fern, in the tody adds systea 
utilizing the following reference dimensions: 

model scale full scale 

n 60S ft 2 2690 ft 2 


3 wing planferm arc^. 

ref 

c wing mean aerodynamic chord 


wing spaii 


0.6C5 ft 
7.122 in 
11+.050 in 


4?U . 8 in 
0 ^ 6.63 in 


Moments are referenced about a print 66?, of the body length, which 
is model station 16 . 1 U 7 ( fuselage station 1C76.W), or 13. inches af, 
of the nose on fuselage reference U, 6.0 (400). Pitching moment data 

is also presented at fuselage station 1103. 2k. 

Although model base and. cavity pressures were measured during the 
test, they are unavailable here and no adjustments have been made to the 

data for these pressures. 



DATE 5 April, 1973 


MACH NUMBER 


TEST CONDITIONS 


REYNOLDS NUMBER 
(pet unit length) 


DYNAMIC PRESSURE [STAGNATION TEMPERATUR 
(pounds/'sq. inch) (degrees Fahrenheit) 



BALANCE UTILIZED: 


TASK 1.5" MKII LOOS6Sc / TASK 1.5” MKIIU00 565E 


CAPACITY: 


ACCURACY- 


COEFFICIENT 

TOLERANCE: 


100 LB. 


250 LB, 


800 LB. -IN . 


- nns Load— — 

+ .005 Rate d Loa d 

t.005 Rated Load 

-.005 Rated Load 

±.005 Rated Load 


COMMENTS: 
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TABLE 3. - MODEL DIMENSIONAL DATA 

MODEL COMPONENT : mm - Rm 

GENERAL DESCRIPTION '• . DOUBLE DELTA. WING FUSELAGE PEB LINES VL70-0 3 00QR . WITH 

57 .0 IN. RADIUS NOSE 

2A CONFIGURATION Iff WT ORBITER 

SCALE MODE L = .015 (.18-0) 

DRAWING NUMBER : VLT2-000061 VL70-000093 


DIMENSIONS . 


FULL XALE MODEL SCALE 


Length ~ in. 132£ . 3 

Max. Width - in. (6 X 0 = 1528.3) 26 c .0 

Max. Depth - in. (g X 0 = lU 80.52) 2UT.0 

Fineness Ratio 5 • 012 

Area - ft c __ 

Max. Cross-Sectional 1*56.140 

Planform 


19 ..921* 


3.975 

3.720 


5.012 


0.1027 


Wetted 


Base 


i n .;>. p*w g g 


tabus 3 . _ MODEL DIMENSIONAL DATA „ Continued. 


MUDtL LUMruiNCM I 


CANOPY - C c 


GENERAL DESCRIPTION • 


DRAWING NUMBER : 


VLT0-G000Q2 


DIMENSIONS 


Stc. Fwd. Bulkhead, in. 


Sta. T. E. } in. 


Canopy Intersects Body ML , in. 


Fineness Ratio 


Max. Cross-Sectional 


Planform 


Wetted 


No info on view angles 


VT ,70-000092. 


FULL SCALE MODEL SCALE 


391.00 


? v .. -V ipippf piw { 


5-865 


8.400 




TABLE 3. ~ MODEL DIMENSIONAL DATA - Continued. 


MODEL COMPONENT 


»mAn TT/MTC* P Tt 

xvJ-iA uuu^xAi \j “ 


GENERAL DESCRIPTION 


CONFIGURATION, LIGHT WT ORBITER PEB LINES 


SCALE MODEL =0.015 


DRAWING NUMBER 


VLTO-OOOOS 


DIMENSIONS : 


FULL SCALE MODEL SCALE 


Length - IK. 


Max. W’ldth - IN, 


51.00 


0.765 


Max. Depth - IN. 


23.00 


0.3^5 


Fineness Rotio 


Max. Cross-Sectional 


Planform 


Wetted 


£ Fuselage, BP = 0.0 INFS 

WP = 500.0 INFS 
X o U26.0 to 1307.0 INFS 
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TABLE 3. - MODEL DIMENSIONAL DATA - Continued. 



WING - V A7 NEW LIGHTWEIGHT_Qm iTEB_ 


MODEL COMPONENT: 

GENERAL DESCRIPTION: Qxxhltx. nn gax r . i . nreO & 70-0QQfl aB. 

,i ^ P a. V» /^, ^.r ■? r i rr Q "f" + Vl P T S „ ^ 

NOTE : ( Dihedral an gle is oennea aT; xng ^ - 

element line projected injLo^^ laiie jer pendi cular _ ,to_ the FRLj 


Grai.f w, PET, a -0 .-01: 


■ tost Nn 

DIMENSIONS: 


DWG. NQ.-WL 3a- 000 0 » 5 

FULL-SCALE MODEL SCALE 


TOTAL DATA 

Area (Theo.) ~ Ft 2 

Planform 

Wetted 

Span (Theo) In. 

Aspect Ratio 
Rate of Taper 
Taper Ratio 

Dihedral Angle, degrees 
Incidence Angle, degrees 
Aerodynamic Twist, degrees 
Toe-Ir. Angle 
Cant Angle 

Sweep Back Angles, degrees 
Leading Edge 
Trailing Edge 
0.25 Element Line 
Chords: ~ in. 

Root (Thee) B. P.0.0. 

Tip, (.Theo) B.P. 

MAC 

Fus. Sta. of .25 MAC 
W.P. of .25 MAC 
B.L. of .25 MAC 
Airfoil Section 
Root 
Tip 

EXPOSED DATA 

Area (Theo) -Ft 2 

Span, (Theo) ~ In. BP108 to L68.3L1 
Aspect Ratio 
Taper Ratio 
Chords 

RootBPioS 
Tip 1.00b 
MAC 2 

Fus. Sta. of .25 MAC 
W.P. of .25 MAC 
B.L. of .25 MAC 


2690.00 


936.68 
2 . 26 i 
1 .177 
0.200 
3.5QQ 
3.000 

+ 3 . POO- 


LS. poo 
-10.2U 
_JL201_- 

J&L£k 



Jgk.8J 

U&M — 

299.20 

182.13 


U52jS£— 
J2DJ& — 
2-056 
0.2L51 




_ £&. 
1185.31 


300.20 

153.7? 
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0.605 


1U.05 

2.2b5 

_LOXI 

Q .200 

3.500 

3.000 

+3.000 


US. OOP 
- 10. 2U 

35^202 


10*332. 


JL222, 

17.053 

U.U88 


2.732 


Q.39U 

LlLjGIO- 

2.056- 

0.2L5 1 






. 3 ^ 23 . 


17.779 


T3oT 

2 . 156 " 


NASA-MSFC-MAF 
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TABLE 3. - MODEL DIMENSIONAL DATA - Continued. 

MODEL COMPONENT : WING - NEW LIGHTWEIGHT ORBITER (Continued./ 


a? i s< j ''+‘>on (Rockwell Mod NASA.) 

““ XXXX-6L 

Root S = OJ.25 

Tip b _ 

2 " 1.00 

Data for (l) of (2) Sides 
Leading Edge Cuff 
PI an form Area - Ft 

Leading Edge Intersects Fus M. L. @ Sta 
Leading Edge Intersects Wing § Sta 



120.33 


1035.0 


0.0271 

XMCL 

15.525 



TABLE 3. - MODEL DIMENSIONAL DATA - Continued. 


MODEL COMPONENT: 


ELEVON E-l8 


GENERAL DESCRIPTION: 


2 A CONFIGURATI ON PER W- 8 ?, LI NES VTjTO-OOQ 0 ^ 


DATA FOR (l) OF (2) SIDES. 


MODEL SCALE 


„ VLT0-000093 

DR AWING NUMBER : — 

DIMENSIONS : 

Area - f t 2 

Span (equivalent) - in. 

Inb'd equivalent chord (b.p. U5.0 m.), 

Outb'd equivalent chord (B.P. L68.3 m.; s 

in. 

Ratio movable surface chord/ 
total surface chord 

At Inb'd equiv. chord 

At Outb'd equiv. chord 

Sweep Back Angles, degrees 

Leading Edge 

Tailing Edge 

Hingeline 


0.00 


- 10.02 

0.00 


FULL-SCALE 

MODEL SCALE 

205.517 

0.0L6 

353- 3L 

O 

O 

cn 

\r\ 

llL.78 

1.722 

55 .OO 

0.825 

.208 

,20P, 

.LOO 

.LOO 


0,00 

- 10.02 


0.00 

0.005 


\ *. + 3 15L8.07 

Area Moment (Normal to hinge line)- ^ 

Product of Area Moment 

, of an inboard and outboard segment. 

NOTE : The elevon panel consist, ° f nt „ is at B.P. 28l inches 

The split line dividing the segment,^ 

„ ,, (s p inches Model ocale). 


21 


NASA-* FC MAF 


TABLE 3. - MODEL DIMENSIONAL DATA - Continued. 


MODEL COMPONENT : VERTICAL - v 5 (Lightweight Orbiter Configuration) 

GENERAL DESCRIPTION; Centerline verti cal t ail., doutU_w ^ge_ .air£oij_j^^ 
rounded le a din g . — 


SCALE MODEL = 0.015 


DRAWING NUMBER : VL 70 - 00 Q.Q$iL 


DIMENSIONS; 


FULL-SCALE MODEL SCALE 


TOTAL DATA 

Area ("heo) ' Ft2 

Planform 

Span (Theo) In. 

Aspect Katio 
Rate of Taper 
Taper Ratio 

Dihedral Angle, degrees 
Incidence Angle, degrees 
Aerodynamic Twist, degrees 
Toe-In Angle 
Cant Angle 

Sweep Back Angles, degrees 
Leading Edge 
Trailing Edge 
0.25 Element Line 
Chords: ~ in. 

Root (Theo) VP 
Tip, (Theo) WP 
MAC 

Fus. Sta. of .25 MAC 
W.P. of .25 MAC 
b.L. of .25 MAC 
Airfoil Section 


U13.25 


.0929 


JdZx. 


2 L 4 ii£i 


Q.Lak- 


L 735 




■ Q..5H?-. 


0-1*01* 


__ka3Q_ 

-866-511- 


108 . 1:7 

“199TH1 

0.00 




>41.130 

4.027 5 

1.627' 

Ti#T 


■^TT^r 


.a-533- 


0.00 


Leading Wedge Angle Deg 

uu qqp 

uanoc 

Trailing Wedge Angle Deg 

1L220 

1 . 4.920 

Leading Edge Radius 

„£iO£L. 


Void Area - 


0 .C 030 

BlaJiketed Area 

12j2l_. 

0.0028 


NASA-MSFC-MAF 






TABLE 3. - MODEL DIMENSIONAL DATA - Continued. 


MODEL COMPONENT: 


F.UDDEB F^ 


GENERAL DESCRIPTION: 


t -r'MTT'r' nrr *7n ri/^nnQ^ 

2A CX'liFIHGU^A'i-LUiM rr.n juj.au—> * i ^ ^ ~ w ~ " 


SCALE MODEL = O.OIS 


I 

i 

i 


nRAUING NUMBER: 


VL70-000095 


DIMENSIONS: 

Area - ft - 2 

Span (equivalent) - 1Q - 

Inb’d equivalent chord * in« 

Outb'd equivalent chord - in 

Ratio movable surface chord/ 
total surface chord 

At Inb'd equiv. chord 

At Outb'd equiv, chord 


FULL-SCALE 


106 . 38 
201.0 
91.383 
50.833 


Q.lQO 

O.lOO 


Sweep Back Angies, degrees 
Leading Edge 
Tailing Edge 
Hingeline 

2 

Area Moment (NoraaT to hinge line)- ft 

Product of Area and Mean Chord 


31.83 

26.25 

31.83 

526.125 


MODEL SCALE 

0,021 

3.015 

1.371 

0.762 


0. 100 

o.loo 


31.63 

26.25 

31.83 

0.0018 


I*' 

I 

! 


I 




f < 

\ 

I 
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TABLE 3* - MODEL DIMENSIONAL DATA - Continued. 


— . mruirUT 

MUUCL UJMruixci-* i 


GENERAL DESCRIPTION • __ 

PER LINES VL70-00009 1 * 


Ol^S PODS - M- 


2A LIGHT WT CONFIGURATION PER MC12007 1 *, 



SCALE MODEL = 0.015 


DRAWING NUMBER : 


VL70-00009 1 * 


! V 


DIMENSIONS 


Length ~ in. 

Max. Width ~ in. @ X- = 1U50.0 


Max. DepUfi'' in. @ X = 1500.0 


Fineness Ratio 


FULL SCALE MODEL SCALE 


31 * 6.0 


108.0 


113.8 


5.190 


1.620 


1.707 


Max. Cross— Sectional 


PI an form 


Wetted 


g OF OMS POD 

Z = 1*63.9 INCHES FS; WP 1*00.0 + 63.9 = **63.9 INFS 
0 6.000 + .959 = 6.959 INMS 

Y = 80.0 INFS, 1.20 INMS 
o 

FROM FUSELAGE STATION 121*t.O to 1560 INFS = 346.0 INFS 

18.210 to 23.40 INMS = 5.190 INMS 
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> II i n i mm ,i, ; s gggp 


•TABLE ?. 


MODEL DIMENSIONAL DATA - Continued. 


MODEL COMPOnfiw i ; 


No _ OMR Nozzle 


GENERAL DESCRIPTION ;_Basi.c 2B N -°-^ 

( vt. 7O-Q00089 ii B 


zle of the 2A Arbiter Con 


figuration 


SCPdE MODEL = 0.01.1 


DRAWING NO. 


VT, 70-008306 


DIMENSIONS 


FULL-SCALE 


MODEL SCALE 


MACK NO N/A 


DIAMETER DEX - IN 


50.00 


0.750 


DIAMETER DT - IN 


DIAMETER DIN ■ IN 


28.00 


0 . 1*20 


ON ~ DEGREES 


AREA - ft‘ 


MAX CROSS-SECTIONAL 


13.635 


,0030 6] 


Olfi GIMBAL ORIGIN +8,0 deg. 


RIGHT NOZZLE - IN 


1EFI NOZZLE - IN 


- 88.0 


NULL POSITION 


PITCH 


RIGHT NOZZLE - DEG. 


12° 17* 


LEFT NOZZLE - DEG. 


15° hT 


-12°17V 


NOTE: 


Intersection of nozzle exit plane 
and nozzle centerline - in. 


X c 1570-75. 


23.5b! 


r l.U89 


Z 0 507- _2j _ 




I 

' ■ 1 


, " t 




TABLE 3. 


. MODEL DIMENSIONAL DATA - Concluded. 


MUDfcL COMPONENT : 


Fli BODY FLAP 


GENERAL DESCRIPTION • 


2k CONFIGURATION PER LINES VLTO-00009U 


SCALE MODEL = O.Ol? 

DRAWING NUMBER : VL7Q-OOOQ9 1 * ''4". 


DIMENSIONS 


FULL SCALE MODEL SCALE 


Length - in. 

Max. Width * in. 

Max. Depth - in. 

Fineness Ratio 

, 2 
Area , ft 

Max. Cross-Sectional 
Planform 

Wetted 

Base 


-BkjQ . JLJSQS. 

26^.00 3.97? 


21.00 0.31? 


1U2.6U 0 .0321 


38.6^6 0.0087 


26 





Figure 1. Axis systems 
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Figure 2(a). - Model Nomenclature 





Figure 2(b). - Shadowgraph: M=7. 3,.« =0. 5°, /?=0°, 0e L =£e R =O°, dsB=5^»92°, d BF =-l4.75, 6 R =0‘ 
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